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. c t:t iQA for anii-B-galactosidase antibodies after 
HGURE 18 depicts the results of an ELISA for ant. 
administration of (1) a polynucleotide encoding the enzyme by 
ldermalin3ectio.andC2)*eenzymebyintradermalm3ect.n. 

u f on PI KA for anti-P-galactosidase antibodies in sera 
BETAILEDDESCBirnONOFTHEINVENnON 

I. ptriTlfnTlONS 

M to simnlify discussion of the invention. Those 

, , .....^ferstoDNAorRNAandcanincludesenseandantisense 
';Xlj:S.-to«».«.-— «.to»^»-* 



a. 

15 



f 



98/14110 



b. 



5 C. 



VO 



15 



20 



"A-ahitSdlBfi^^^'^^^^ -.ned to be allergic; and W 
^^''^^'^T^been determined to 

asthmatic syinP^°"''''' * . PCs such as 

""^^r^. cells, veiled cells u defmitio"* also 

Ungcrhans cells, .^i^ organs. T^e . ^^icbtakeup 

^ainainn>al.&cli .animal. 
Uvestocl..laboratoty subject 

25 



pCTfUS97/l8084 



WO 98/14210 



& 



5 h. 



■ nf the host in which expression of a 
, «Ml^"-ferstotheUssucofthehos 

polynucleotide is sought, 
tissues of a host. 

tissues ofahostv^hereverthey may be located 

in the body including but -^^^^^^^ ,e.tal pass.es 

,.c.al passage. -^:f: _.Vurina. passages (e.g-.u.^ 
(including vagmal.pemlea^ ^^^^^^^ ^^^^ ^ the 



antigen simulation). 



PCT/US97/18084 



vo 



98/14110 



in. 



10 



15 ti. 



20 



. tc. wU-laio>vn means 01 > . native polytvucle- 

• n techniques lotoi^s 

• „ Promsise" "^^"^ Action of ccttam 



wo 98/14210 



PCT/US97/18084 



-10- 

.^^^^^.^^M^'' involves essentially the same method as chemical 
epidermal administration, except that the chemical irritant is applied to 
mucosal epithelium. 



5 r. 



"IL" refers to interleukin. 
"IFN" refers to interferon. 
II. msriisSION 
A ThPnr y of the Invention 
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M A 1.E oroduction and IL-l/IL-5 release in response 
• classieal immunotherapy is avo:ded,IgE product. 

to extracellular antigen is also avoided. 

u in Examples VU and VIII. IgE and IM levels in express^l 
For example, as shown m Examp^= asthma-initiating antigen- 

,„.,en.hallengedn«cewe«s^^^^^^ 

3 specif.CrLlevels(Examp.D^^^^^^ 

enhancedCas compared toprotemchallenge ^^,^^^^^^^^ 

.spite suhse^uentc^len.^^^^^ 

adjuvant(ExamplesVn-VIII). ..^eloped IgG mediated toleraivce to the 

25 antigen challenge, ana Tcuu 
the late phase of the disease. 
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.eukaivotic donor cell. In the latter 

f ™bn A isolated from a euKaiyo"*- 
hv reverse transcription of A ISO 

by revers complement of mBNA. 

case, a double-stranded (cDNA) comp 

. nolvnucleotide of interest can be screened by 

, cDKA library believed to ^^I^^^M^ oocytes, .lo^. —^^^ 
^iectingvariousmRNAderrvedfromD^M ^^^^^^^^^ 

3 cUo-^*-^^^^^:7:::;:rusin.antibodyspecif.^ 

ae^cDNAexpressionproduc^--^^^ 
encoded by the polynucleotide of rnt^e^ o y 

,,3ue express^npauerncha^en -^^^^^^ ,^,,3ion of 

interest. 
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nucleotides (e.g., G A or AA) .^^^^^^ ^ ^^^^ 

cc »v,e advantage of stimulating cytotoxic T 

- neurit l!vZal-..»»-'«- 



of the invention. 



vectors for use in the invention are 
expressed asthma-initiating antigen. 



mammary w expressed m a ^^j^ 

^ombinantexptessionvector promoter suggested 
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retinoic acxd can ,93). 
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mucosa and Skin, use oi « .Uprnicresoonses to antigen. 

10 ll-B,5wp''^^- To increase uicy f 
may also be employed. 

CorporaUon under the trademarkNAIR. 

ttansmissionmaybeaccompUshedusmg -^^ of several days or more. 

. rinnouslv through unbroken skin forpenods of several oay 
their product continuously tnrougn „f„v,«maceuUcal compositions 

,5 useofthismethodallowsforcontronedtransmissionofpharmaceuucal 
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. r e,v the Priming dose of asthma-initiating antigen-encoding polynucleotide 
n^ybefoUoyedbyboo^ .sthma-initiating antigen has been induced 

5 !::ots-ntaineddespitesuhse,uentas^a.i^.ating.^^^^^ 

.ivbecauseapolynucleotide that will operativelyenccde for an antigen is 

10 DNA to produce the same magm .,„„„«tions (e g about 10-50 fold 

ur mute of administration for the same compositions ^e.g., aw 
intramuscularrouteof adm ^^^^^ .^^^ 

^s, the cotwl »f « stoglt piomoKt- 
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Examplesillustratingaspectsofeachembodimentofthei^^^^^^^^ 
They should be regarded as illustrating rather thar. limiting the invenUon. 

ff.XAMPLEI 

MURINE MODEL FORTHE AIRWAY HYPERREACTIVITY 
OF ALLERGIC ASTHMA 



Aeroasthma-initiating antigen challenged mice of different strains model the a.rway 
hyperreactivity seen in allergic asthma. Suitable murine strains for use in modehng the 
dLe include Balb/c mice (wMch are IL.5. and produce enhanced conce— 

,L-4 in response to CD4. lymphocyte priming). C57BU6 mice (wh.ch are IL-5 
10 deficient, for detailed study of IL-5 induced tissue damage in astinna) and .T/T «mce 
(which are mast cell deficient, for detailed smdy of mast cell activation in astinna). 

Disease modeling mice are conveniently prepared by intraperitoneal or subcutaneous 
injection of ovalbumin C'OVA") in carrier (e.g.. sterile s.ine), ^^^^^^^ 'y ^^^ 
challenge witi. aerosolized ^tigen. For example, mice may be —zed ^± 25.g 
15 oVAb .bcutaneousin3ection(^^or.i*outadjuvant).ee.lyfor4-6w^^^^^^ 

challenged witi. 2 or 3 weekly aerosolizations of OVA at a concentration of 50 mg/ml 
h.phosphatebuffer«i^ine(PBS)deliveredin20minuteintervalsorataconc— 

of 10 mg/ml 0.90/, daily for about a week (in three 30 minute int^vals d.^- 
Nebdizer devices for use in the aerosolization are available from Aerotechn, CIS-US, 

20 Bedford,MA).>^thanasalchamberadaptedformurinenasalpassages(e.g..anose-o^ 

chamber from Intox Products, Albuquerque. NM). When driven by compressed arr at 
arateofl01iters/min..thedevicesdescribedproduceaerosolparticleshavingamedran 

aerodynamic diameter of 1.4nm. 

control mice are preferably littermates which .e protein-antigen challenged without 
25 priorimm^tion. For further details concerning this animal model, those of skrUm 
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j£xpMec/.,195-20l.l995;and.Corry..r./.. 

• ^ fn refei to Foster, et al,J-txp.!»'^ , 
theartmaywishtoreieiw 

j.£xp.Merf., 109-117.1996. 

15 subcutaneous injection a:> 
described in Example I. 

specimens oflung and trachea tissue 



M.h and stained wi* 
. a to a 5 micron width ana 
, were frozen, sectioned toa:> 

3„d trachea. Specimens -re 

. ....ae.300ceU..creohtained.c^^^^^^ 
from each mouse. each samp^- m^'^"^''^ to contrast, the 

of ihe invention. 
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TABLEl 

1 Peripheralblood_ 

12.0 

i4.4'-avg5.0 

12^ 

il 

5.8 >avg 42_ 

I2i_ 
i4£ 

1.3 

^ 5.2 >avg2.3 

H- 
1.2 

I 3.5 yavgl^ 

H- 
1.2 



, 47.4 
65.0 >avg43^ 

124£_ 
|35J_ 
,45.0 

, 20.4 >-av g25.4 
10.9 

, (trachea dam^ed)_ 
12£_ 

1 2.2 >avg3i_ 
1.3 

14.2 

I 31.0 >-avg2l|3_ 
,34^ 
5.8 
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„oups of 6 intranasally. Uvels of anti-NP IgG in peripheral blood before and after 
introductior, of the plasmid at various serurr. dilutions were measured by ELISA as 
describedinExarnplen. Blood wasdrawn from each mouse after intranasal in^^^^^^ 

after 6 weeks. 

5 FIGURES 1-3 s»phically 1«P« »f »» 

diM»lnnOUREl,v«l«s»sl»w»fcrmdivid»lmi«ft.m»d,,^(«-3)»ne 
«. .veoge value Bom all mict in tach gmip(»01-<»)- 

WM«.«stoia.»cema«condg™p-ch.=»-d3x7^.^ 
,„ e*a.c=daBs.t-b,d,as«>n.pa,«...ba.k^-d<"0"'<Bl). Th«.d«a». 

shown in FIGURE 2. 

.rJl indlca^d by ot a„d-NP IgO ■„ n,.c »as »b»»-l>, ^^jlar" 
^e«P«s.»,achi».di«*=»-»»*«'»^™- Tl»aaur«r«»a«s*eu»d»,ce 

15 are shown in FIGURE 3 . 

Expression can be enhanced by additional use of absorption promoters, and prolonged 
by time-released promoters whose identity and use are known in the art such as those 
suggested in Chien, supra, at Ch. 5. 

F Y AMPLE IV 

,0 HISTOLOGICAL STUDIES SHOWING CELL UPTAKE 

OF POLYNUCLEOTIDE COMPOSITIONS BY MONONUCLEAR CELLS 
AT THE POINT OF ENTRY IN SKIN 

Three days after intradermal injection of the tails of naked pCMV-/.. (enco^B P- 
g^act^da.)intoBalb/cmice.themice were sacrificed. Tissuecultureswereobtamed 
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point of..,:, f.r*ep,^.d and rained f.,E.»<,-N.«o.d^-''^^^ 
cultures is contained in HGURE 4. 

«sh.™innOURE4,upUk.«f>h.pl.sn,idi.,hov»r.nWu=,.obe.^mo„™„=.»^ 

tl.«sn«^^i^*-«»»- m»»^.4«0ea..Uswh.c^^d.d«. 
:X.-d,p^»b.^p..S»«^o,o*»a..,»P»»n,»s*»*..h 

lndi«<e tot uplak. of th. pUsmid is by phagocytosis. 

FV AMPLE y 

,„ SELECTIVE INDUCTION OF ATM RESPONSE 

AFTER ADMINISTRATION OF POLYNUCLEOTIDE 
COMPOSITIONS ACCORDING TO THE mVENTION 

„ „ic=, ..0 M ^tibodi^ a,. «».o^». to- ™ ij.- 

^,gGla«ib«ii.s«.indio.dv.ofaTh2typ.imm.™.«P«.se. Ha,^ 

,5 nil al,cgy..s«ci.ed anUbod, olas« »,.b.. P^-^n a„is» .^.^ » 

" :«a.o„,..Xs..o..I,..«ponaas. 

3«i^bi»ding..ma™pl..e«andd»*i.ic»11s. Th. »spo»asa«u,b..tpamou.ar 

im[K»lana in the treatment ofalleifies and AIDS. 

TO detent^c »hich ,espo». it -id be p,o*.ced b, mice .*o »cei^ 
» polyn^leotide c„n,posi.i.ns accotding to Ote in»nti.n. .nice we. — J"^ 
pC^Uc-Z»pro.einasd=achh.din.hep,.cedingexamp.e. At2w«lc,n,e,».s,^y 
CattdteO .«.N»l.-dase»e»t»=as,»dbycn^=-ii.kcd i„m.u»oabs«bent 
^"X-«iteci«c.b,t..,.C,a„d,sOaA»bc,asses)on^^ 

coated with the enzyme. 
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As shown in FIGURE 5, only the mice who received the plasmid by ID injection 
produced high titers of IgG 2A antibodies. As shown in FIGURE 6, immunization of the 
mice with the enzyme itself ("PR") induced production of relatively high titers of IgG 1 
antibodies. Inthe IM injected mice, low titers of both IgG 2A and IgG 1 antibodies were 
5 produced without apparent selectivity. The data shown in the FIGURES comprise 
averages of the values obtained ftora each group of 4 mice. 

To determine the stabUity of the antibody response over time, the same group of animals 
were boosted with 0.5 //g of enzyme injected intradermally. As shown in FIGURES 7 
and 8 boosting of ID injection primed animals with the enzyme induced a nearly 10-fold 
10 rise in IgG 2A antibody responses (i.e.. the antibody titer rose from l:640to 1:5120). but 
did not stimulate an IgG 1 response. These data indicate that the selective Thl response 
induced by ID administration of polynucleotide compositions is maintained in the host, 
despite subsequent exposure to antigen. 

F.XAMPLEVI 

15 Thl RESPONSES IN MICE AFTER ADMINISTRATION 

OF POLYNUCLEOTIDE COMPOSITIONS 
Wrra A MECHANICAL IRRITANT 

The experiments described in Example V were repeated in separate groups of mice, 
except that (1) only a priming dose was tested, and (2) the pCMV lac-Z plasmid was 
20 administered to one group of 4 mice using the MONO-VACC® tyne device described 
in the disclosure, while (J-galactosidase protein (10 Mg) was administered to another 
group of 4 mice by intradermal (ID) injection. 

As shown in HGURE 9, the mice who received plasmid produced relatively low titers 
of IgG 1 antibody compared to the mice who received the protein. In contrast, as shown 
25 in FIGURE 10, the mice who received plasmid produced substantially higher titers of 
IgG 2A antibody as compared to tiie mice who received the protein. 
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Interestingly, the mice who received the plasmid via scratching of their skin with the tyne 
device produced even higher titers of IgG 2A antibody than did the mice who received 
the same plasmid via ID injection (both of which groups produced higher titers of IgG 
2A antibody than did the mice who received the plasmid via IM injection). These results 
5 indicate that scratching of skin with the tyne device attracts greater number of APCs to 
the "injured" point of entry for the polynucleotide compositions and are consistent with 
the theory that APCs are more efficient targets for gene administration and expression 
than are muscle or other somatic cells. 

The data shown in the FIGURES comprise averages of the values obtained from each 
10 group of 4 mice. 

F.YAMPLEV1I 
SUPPRESSION OF IgE ANTIBODY 
RESPONSE TO ANTIGEN BY IMMUNIZATION 
WITH ANTIGEN-ENCODING POLYNUCLEOTIDES 

15 Five to eight week old Balb/c mice were immunized with one of two recombinant 
expression vectors: pCMV-Lac-Z or a control plasmid. pGMV-BL (which does not 
encode for any insert peptide). A third group of the mice received injections of antigen 
(P galactosidase). Plasmid DNA was purified and its endotoxin content reduced to 0.5- 
5ng/lmg DNA by extraction with TRTTON X-114 (Sigma. St. U>vis, MI). Before 

20 inoculalion.pDNAwasprecipitatedinethanol.washedwith70%ethanolanddissolved 

in pyrogen free normal saline. 

Immunization was by intradermal injection of plasmid DNA loaded onto separate tynes 
of a MONO-VACC® multiple tyne device (Connaught Lab, Inc., Swiftwater, PA). 
Briefly, the tyne devices were prepared after extensive washing in DDW and overnight 
25 soaking in 03% SDS (sulfeted dodecyl saline), washed again in DDW. soaked overnight 
in ClNNaOH. washed again in DDW and dried at 37oC for 8 hours. Six |il of plasmid 



I 
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DNA dissolved in normal saline were pipetted onto the tynes of the tyne device just prior 
to each inoculation described below. The total amount of pDNA loaded on the device 
per inoculation was 25 each of pCMV-Lac-Z and pCMV-BL. For purposes of 
estimating actual doses, it was assumed that less than 1 0% of the pDNA solution loaded 
5 onto the tyne device was actually introduced on injection of the tyncs into intradermal 
tissue. 

Each mouse was treated 3 times with 2 inoculations of each plasmid in a one week 
interval injected intradermally at the base of the tail Another group of mice received a 
single intradermal injection in the base of the tail of \0\ig of p galactosidase protein 
10 (dissolved in 50^1 of normal saline) in lieu of pDNA. 

Toward inducing an IgE antibody response to subsequent asthma-initiating antigen 
challenge, each group of mice was injected once intraperitoneally with 0.1 ml of 
phosphate buffered saline (PBS) solution containing \\ig of antigen (P galactosidase; 
Calbiochem, San Diego, CA) and 3mg of ALUM alummum hydroxide as adjuvant 
1 5 (Pierce Chemical, Rockford, IL) 14 weeks after the initial immunization. Total IgE was 
assayed in sera from the mice 4 times over the subsequent 4 consecutive weeks. 

IgE was detected using a solid phase radioimmunoassay (RAST) in a 96 well polyvinyl 
plate (a radioisotopic modification of the ELISA procedure described in Coligan, 
"Current Protocols In Immunology", Unit 7.12.4, Vol. 1, Wiley & Sons, 1994), except 
20 that purified polyclonal goat antibodies specific for mouse 6 chains were used in lieu of 
antibodies specific for humanFab. To detect anti-Lac-Z IgE, the plates were coated with 
p galactosidase (lO^g^ml). The lowest IgE concentration measurable by the assay 
employed was 0.4ng of IgE/ml. 

As shown in FIGURE 13, mice mjected with pCMV-Lac-Z produced only low levels of 
25 total IgE antibody (averaging about 250 CPM in RAST) as compared to mice injected 
with p galactosidase (avera^g about 1000 CPM in RAST). Moreover, IgE levels in the 
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plasmid injected mice remained consistently low (averaging about 250-450 CPM) despite 
boosting with protein (indicating that tolerance was acquired in these mice on initial 
immunization), while IgE levels in the protein injected mice rose substantially (averaging 
about 1 500 to 2000 CPM) after boosting, then eventually tapered off to control levels 
5 at week 4 as tolerance was acquired by the protein injected mice through repeated 
exposure to the protein antigen. 

Measuring specifically the anti-antigen response by each group of mice, as shown in 
nOURE 14, anti-Lac-Z IgE levels in the plasmid injected mice again were consistently 
low both before and after boosting (averaging about 250 CPM in RAST), while the 
10 protein injected mice developed high levels of anti-Lac-Z, particularly after the first 
antigen booster injection, when anti-Lac-Z levels in the mice rose to an average of about 
3000 CPM. Consistent with acquisition of tolerance, anti-Lac-Z IgE levels in the protein 
injected mice declined over time, but continued to rise in the control mice who had not 
received any inununization to P galactosidase. 

15 These data show that the plasmid injected mice developed an antigen specific Thl 
response to the plasmid expression product with concomitant suppression of IgE 
production, \s^ile tolerance was acquired in the protein mjected mice only after 
development of substantially higher levels of total and antigen specific IgE antibodies. 



F X AMPLE Vni 

20 11^4 AND BMFy LEVELS IN MICE AFTER 

IMMUNIZATION WITH ANTIGEN OR 
ANTIGEN-ENCODING POLYNUCLEOTIDES 

To confirm that the results shown by the data presented in Examples V through VH can 
be attributed to the selective induction of Thl responses (e.g., INFy secretion) in plasmid 
25 mjected mice (which responses are believed to exert a negative effect on IgE stimulatory 
Th2 responses; e.g., secretion of IL-2), levels of IL-2 and INFy were assayed in the sera 
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of the plasmid and protein injected mice of Example Vn at week one, after one booster 
injection of antigen. IL-2 levels were assayed using a commercial kit; INFy kvels were 
assayed with an anti-INFy murine antibody assay {see, e.g.. CoUgan, "Current Protocols 
in Immunology", Unit 6.9.5., Vol. 1, Wiley & Sons, 1994). 

5 As shown in FIGURE 15, levels of IgE stimulatory lL-4 in the protein injected mice 
were substantially higher than in plasmid injected mice (by about a 9:1 ratio). 
Conversely, levels of INFy in the plasmid injected mice were substantially higher than 
in the protein injected mice (by a ratio of about 11:1). 

EXAMPLE IX 

10 PRODUCTION AND MAINTENANCE OF CYTOTOXIC 

T LYMPHOCYTES AFTER IMMUNIZATION WITH 
ANTIGEN OR ANTIGEN-ENCODING POLYNUCLEOTIDES 

As discussed elsewhere above, it is believed that cytotoxic T lymphocytes (CTLs) 
suppress Th2 cell activity, which in turn would suppress the ability of such cells to 
15 stimulate the development of IgE antibodies. To confirm whether the plasmid injected 
mice developed CTL's and maintained the anti-antigen protection afforded thereby, CTL 
levels in plasmid injected and control mice were measured. 

The plasmid injected mice were immunized witii a plasmid encoding influenza 
ribonucleoprotein. Control mice recdved a plasmid tiiat did not code for an insert peptide 
20 (pCMV-BL). The total amount of pDNA loaded on the tyne device per inoculation was 
50ng of pCMV-NP and 25 ng of pCMV-BL. 

36 weeks after immunization, tiie mice were sacrificed and splenocytes were removed 
for use in standard mixed lymphocyte cultures. The cultiires were grown in the presence 
of a known synthetic peptide representing die major ^2* restricted CTL epitope of the 
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NP protein. The cultures were assayed for anti-NP CTL activity 5-6 days later usingNP 
peptide pulsed syngeneic P815 tumor cells (ATCC # 11864, RockviUe. MD) as targets. 

As shown in HGURE 16. mixed lymphocyte cultures prepared from the pCMV-NP 
injected animals displayed high levels of specific anti-NP cytolytic activity, reaching 

5 10%, 30% and 80% of specific lysis at an effector to target (EH) ratio of 5:1, 15:1 and 
45:l! respectively. Control mice only displayed 1%. 1% and 9% under tiie same 
conditions. Further, in absence of exposure to the H-2* epitope peptide, there were not 

' significant differences in CTL activity in the pCMV-NP injected and control mice 
(FIGURE 17). These data indicate selective activation of Thl cells in the pCMV-NP 

10 injected mice. 



F.XAMPLEX 

PROLONGED IMMUNOLOGIC MEMORY INDUCED BY 
ANTIGEN STIMULATION OF T CELLS AFTER 
ADMINISTRATION OF POLYNUCLEOTIDE COMPOSmONS 

15 0.1, 1, 10 and 100 ^g of polynucleotide compositions in plasmid form (0.5-5 ng/1 mg 
DNA endotoxin content) encoding flie Kcoli enzyme p-galactosidase under tiie control 
of the CMV promoter ("pCMV Lac-Z") were administered to groups of 4 
mice\dosage\route eitiier intramuscularly ("IM") or intraderaially ("ID"). For 
comparison, anotiier group of 4 miceNdosage received 100 p-galactosidase protein 

20 C"PR") intradermally. All injections were made using 50 nl normal saline as carrier. IM 
and ID injections were made with a 0.5 ml syringe and a 28.5 gauge needle. Antibodies 
were thereafter measured by enzyme-linked iramunoabsorbent assay at 2 week intervals. 

Briefly, total antibodies were measured using P-galactosidase (Calbiochem. CA) as the 
solid phase antigen. Microtiter plates (Costar, Cambridge. MA) were coated with 5 Mg 
25 of antigen dissolved in 90mM borate (pH 83) and 89mM NaCl (i.e., borate buffered 
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saline; BBS) overnight at room temperature and blocked overnight with 10 mg/ml of 
bovine serum albumin in BBS. 

Serum samples were serially diluted in BBS starting at a 1:40 dilution for the first 8 
weeks, them a 1:320 dilution thereafter. These samples were added to the plates and 

5 stored'ovemight at room temperature. Plates were washed in BBS+0.05% polysorbate 
20, then reacted with a 1 :2000 dilution of alkaline phosphatase labeled goat anti-niouse 
IgG antibody (Jackson Immunoresearch Labs.. West Grove, PA) for 1 hour at room 
temperature, or were reacted with a 1 :2000 dilution of alkaline phosphatase labeled goat 
anti-mouse IgG 1 antibody (Southern Biotech of AL), or were reacted with a 1:500 

10 dilution of alkaline phosphatase labeled rat anti-mouse IgG 2A antibody (Phaimingen, 
of CA), under the same conditions. Plates were washed again, then a solution of 1 mg/ml 
of p-iiitrophenol phosphate (Boehringer-Mannheim, Indianapolis. IN) in 0.05 M 
carbonate buffer (pH 9.8). containing ImM MgClj was added. Absorbance at 405 mn 
was read 1 hour after addition of substrate to the plates. 

15 As shown in HGURE 18, antibody responses of equivalent magnitude were induced in 
the animals who had received thepCMV Lac-Zplasmidsby ID injection and the animals 
who had received the PR, while lesser antibody responses were measured in the animals 
who had received the pCMV Lac-Z plasmids by IM injection. 

To assess for T cell memory, the animals were then boosted with 0.5 fig of PR at a 
20 separate site by ID injection. Ifthese animals had developed memory TceUs to control 
production of antibody to p-galactosidase. they would be expected to mount a more 
vigorous immune response after boosting with soluble protein antigen than had been 
demonstrated in response to the priming dose of antigen. 

As shown in HGURE 19, it is clear that the animals which had received ID injections 
25 ofpCMVLac-Zplasmidhaddevelopedsubstantiallybetterimmunological memorythan 
did animals which had received either IM injections of plasmid or of PR. Further, the 
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memory which was developed by the ID injected animals persisted for a minimum of 
about 12 weeks. 



The invention claimed is: 



I 



r 
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CLAIMS 



1. 



10 



A method for treating both the early and late phases of allergic asthma in a 
host comprising: 

immunizing the host against an asthma-initiating antigen by introducing a 
naked polynucleotide composition comprised of a recombinant expression 
vector which encodes an asthma-initiating antigen into the host^s mucosa or 
skin, which tissues contain a relatively high concentration of antigen 
presenting cells as compared to otiier host tissues; 

wherein the asthma-initiating antigen is expressed in tiie antigen presenting 
cells without substantial secretion therefrom to preferentially stimulate Thl 
lymphocytes in tiie host to suppress antigen-stimulated IgE antibody 
production as well as IL4 and IL-5 mediated eosinophil infiltration of lung 
tissue. 

2. The method according to Claim 1 wherein the polynucleotide composition is 
administered in a dose equivalent to a dosage in a mouse of about SO^g 
polynucleotide or less. 

3. The method according to Claim 1 wherein the polynucleotide composition is 
20 introduced into the respiratory passages of the host 



15 



4. 



The metiiod according to Claim 3 wherein the naked polynucleotide 
composition is aerosolized. 
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The method according to Claim 1 wherein the naked polynucleotide 
composition is coated onto the tynes of a multiple tyne device and is 
administered by penetrating the skin of the host with the tynes. 
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